T otal knee arthroplasty (TKA) is a successful treatment option for patients with end-stage osteoarthritis.
However, residual knee pain is an important reason for patient dissatisfaction. 1 Anterior knee pain occurs in up to one-half of patients following primary TKA, and the presence of anterior knee pain is negatively correlated with both patient satisfaction and quality of life. [2] [3] [4] The etiology of anterior knee pain is unknown, and many knee-related and extra-articular causes of anterior knee pain have been researched. 5 Variables resulting in abnormal patellofemoral joint loading appear to be of special significance. 5 Because no single variable has been found to be predictive of anterior knee pain, treatment remains difficult. If the patella has been left unresurfaced, secondary resurfacing is an available surgical treatment option; however, secondary resurfacing is a controversial procedure associated with uncertain outcomes. 6 An evidence-based recommendation for the use of secondary patellar resurfacing is currently lacking.
abstract
When secondary patellar resurfacing is performed, a uniformly and widely used scoring system that is validated for anterior knee pain caused by a retropatellar degeneration will give more insight into the results of this procedure. The cause of anterior knee pain following total knee arthroplasty (TKA) is not always related to the patella itself. Other causes have been identified, such as an insufficient posterior cruciate ligament in the case of a posterior cruciate-retaining TKA or an internally rotated femoral and/or tibial component. Treatment of anterior knee pain following primary TKA with secondary patellar resurfacing is a controversial procedure with uncertain outcomes. The purpose of this study is to systematically review the available peer-reviewed literature on patient satisfaction and functional outcomes of secondary resurfacing. The authors performed a systematic computerized database search of the Cochrane Database of Systematic Reviews, MEDLINE, and EMBASE in October 2014. The quality of the included studies was assessed using the Grading of Recommendations Assessment, Development and Evaluation approach. A total of 15 articles met the inclusion criteria. In total, 148 (64%) of 232 patients were satisfied with the outcomes of secondary patellar resurfacing. A statistically significant improvement in knee scores was noted in all 9 studies that reported functional outcomes, although no clinically significant improvement in knee scores was observed. Reported complications include infections and impaired wound healing, patellar instability, and patellar fracture. Because the available evidence is of generally low quality, the results of this systematic review only support a weak recommendation for secondary patellar resurfacing if patient satisfaction and clinically important improvement of functional outcomes are the desired endpoints. The purpose of the current study is to systematically review the available peerreviewed literature on the outcomes of secondary resurfacing for anterior knee pain with regard to patient satisfaction, functional outcomes, and reported complications and to present an evidence-based treatment recommendation.
Materials and Methods
The authors formulated the following focused clinical question with well-articulated patient/population (P), intervention (I), comparison (C), and outcome (O) (PICO) elements: In patients with anterior knee pain after primary TKA without patellar resurfacing (P), is secondary resurfacing (I) better than no secondary resurfacing (C) in terms of patient satisfaction and functional outcomes (O)?
Only published, full-text, peerreviewed studies reporting results of secondary resurfacing for anterior knee pain following primary TKA without patellar resurfacing were included. Studies reporting the results in fewer than 10 patients were excluded, as were studies with an incomplete description of study population or surgical technique. Before the start of the study, the protocol was registered in PROS-PERO international prospective register of systematic reviews (CRD42013003741).
In October 2014, an independent medical librarian performed an electronic literature search in the Cochrane Database of Systematic Reviews (Issue 8, August 2014), MEDLINE (PubMed) (1966-October 2014), and EMBASE (1966-October 2014). Studies were identified using the following search terms with Boolean operators: ("knee arthroplasty" OR "knee replacement" OR "knee prosthesis") AND (secondary OR secondary) AND resurfacing AND patella. Search queries were limited to title/abstract. Two reviewers (H.-P.W.v.J., A.V.B.) independently examined all titles and abstracts and selected the studies for full-text review using the inclusion and exclusion criteria. When discrepancies existed in the studies, the authors were able to reach a consensus. In addition, the reference lists in the included studies were searched for other relevant studies. The full texts were retrieved and further checked for inclusion and exclusion criteria.
Relevant data regarding study design, study population, intervention, outcomes, and complications were extracted from the text, figures, and tables of the included articles. Both reviewers assessed methodological quality using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. 7, 8 Data from the included studies were tabulated to show study design, limitations, number of patients, outcome measures, and GRADE recommendation.
results
Search strategy and results are summarized in the Figure. A total of 52 titles were reviewed, of which 16 studies underwent a full-text review, of which 15 studies fulfilled the inclusion criteria and were included in the current review. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Summary data and quality of the included studies according to GRADE are reported in Table 1 . Of the 15 included studies, 2 randomized, controlled trials (RCTs) were identified, 18, 21 although the outcomes of secondary patellar resurfacing were not the focus of these RCTs. The other 13 studies were case series. Due to the heterogeneity of the study designs and outcome measures, a meta-analysis was not performed. The following review of the literature is therefore descriptive.
Patient Satisfaction
Nine of the 15 included studies specifically stated the number of patients satisfied with the procedure. [9] [10] [11] [12] 16, 17, 19, 22, 23 Patient satisfaction in these 9 studies varied 
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Functional Scores
Eight of the 15 studies reported knee specific scores (American Knee Society knee and function scores, Oxford Knee Score), 9, 11, 12, [15] [16] [17] [18] 23 and 2 studies reported patellar scores (Table 1) . 13, 16 A statistically significant improvement in knee scores was noted in all studies.
Complications
Eleven of the 15 studies (with a total of 266 patients) described the number of complications and the number of knees requiring additional surgery following the secondary resurfacing. [9] [10] [11] [14] [15] [16] [17] 19, 20, 22, 23 Infection and impaired wound healing occurred in 6 (2.2%) of 266 patients, patellar instability in 6 (2.2%), and patellar fracture in 4 (1.5%). Other complications included hematoma (1 knee) and a stiff knee (1 knee). Further surgery was performed in 11 knees, with total knee revision in 7 knees.
discussion
This systematic review of the available literature demonstrates that 64% of all patients were satisfied with the outcomes of secondary resurfacing for anterior knee pain.
Interestingly, although only 64% of patients were satisfied with the procedure, a statistically significant improvement in knee scores was noted in all 9 studies that reported functional outcomes. [9] [10] [11] [12] 16, 17, 19, 22, 23 Munoz-Mahamud et al 23 also noted this discrepancy between clinical outcomes in terms of patient satisfaction and functional scores. Garcia et al 12 concluded that patients can expect an objective improvement in pain and function but overall satisfaction could not be predictably achieved. The reason for the 
observed discrepancy is not clear, but patient expectations with regard to pain relief and functional improvement may play an important role. Although the knee scores showed a statistically significant improvement in 9 studies, whether this translates into a clinically important improvement is questionable. The minimum clinically important difference (MCID) for the Oxford Knee Score is between 3 and 5. 24, 25 Of the 2 studies reporting the Oxford Knee Score, 9,17 only Spencer et al 17 found a clinically important improvement. The MCID estimates for the American Knee Society knee score have not been identified for patients undergoing TKA. However, Jacobs and Christensen 26 considered a minimum change of 34.5 points in the function subscale of the American Knee Society score clinically important. None of the 5 studies reporting the function subscale found a clinically important improvement. 11, 12, 15, 16, 23 The complication rate in the included studies is comparable with that reported for primary resurfacing. 6, 27 Secondary patellar resurfacing will only provide relief of anterior knee pain if the patella is indeed the pain generator. Because up to one-half of patients remain painful following secondary resurfacing, the cause for anterior knee pain may not always be related to the patella itself. 2 Moreover, anterior knee pain is also seen in patients with a primarily resurfaced patella. [28] [29] [30] [31] Recently, Bhattee et al 22 demonstrated a significant correlation between an unsatisfactory outcome of secondary patellar resurfacing for anterior knee pain and primary femoral component internal rotation. They stated that patients undergoing secondary patellar resurfacing for anterior knee pain were more likely to be dissatisfied with the outcomes of surgery if the femoral component was internally rotated more than 3°. The relationship between component malrotation and patellofemoral problems in primary TKA is well known. 32, 33 It has been suggested that component malrotation results in abnormal patellofemoral joint loading secondary to an increased Q-angle with increased stresses on the patella and the surrounding soft tissues. 22, 33 The study by Bhattee et al 22 further suggests that patients with poor tracking as a result of tibial internal rotation and a subsequent increased Qangle may respond better to secondary patellar resurfacing than patients with femoral component internal rotation.
Currently, there is only weak evidence to support the routine use of 99m-Tc bone scintigraphy in the clinical decision making for patients with anterior knee pain following TKR. Ahmad et al 9 evaluated the role of a "hot patella" (ie, an increased uptake of the technetium isotope in the patella) on bone scans in a retrospective study. They found that 95% of patients with anterior knee pain and 21% with diffuse knee pain following TKA had a hot patella. All 18 patients with anterior knee pain and a hot patella who underwent secondary patellar resurfacing had symptomatic relief of symptoms. In marked contrast, others found no relation between a hot patella and improvement following secondary resurfacing. 23 Several authors have investigated whether other preoperative factors could predict the outcome of patellar resurfacing. 10, 13, 16, 23 Although Correia et al 10 reported that half of patients younger than 70 years benefitted from secondary resurfacing and that patients older than 70 years did not, others have noted that preoperative factors, including age, sex, body mass index, and patellar score, were not predictive. 13, 16 The current systematic review revealed contradictory results regarding the relationship between time from TKA to secondary resurfacing and success of outcome. 13, 17, 23 Most studies reported an average time between 18 and 48 months from primary TKA to secondary resurfacing, whereas Khatod et al 19 reported an average of 10 years to secondary resurfacing. It is possible that their study included patients with patellar osteoarthritis secondary to knee replacement, similar to the secondary acetabular osteoarthritis seen after hemiarthroplasty of the hip.
The current study is not without limitations. Most importantly, the study is limited by the general low quality of the included studies and a relatively small number of patients. Also, the differences in assessment of clinical outcomes and differences in prosthetic designs (cruciate retaining or posterior stabilized) and time to follow-up contributed to marked heterogeneity. Therefore, performing a metaanalysis was inappropriate. Combining data on patient satisfaction from studies that are not too clinically diverse may lead to meaningful summary data. Therefore, the authors stratified the reported results of patient satisfaction for each study to present the overall rate of patient satisfaction, and this may be an important limitation of this systematic review. The authors were not aware of the amount of selection and/ or publication bias, and thus there is the possibility of presenting an inappropriate summary. Furthermore, the authors recognize that assessing anterior knee pain following TKA can be difficult. There is currently no widely and uniformly used scoring system, although the Kujala score was recently validated for rating anterior knee pain following TKA. 34 Patient selection for secondary resurfacing was thus based on subjective criteria and probably differed substantially in the reported studies, resulting in a heterogeneous patient population.
conclusion
Secondary resurfacing is a treatment option for patients with persistent anterior knee pain following nonresurfacing TKA. Summary data from the literature show that 64% of patients were satisfied with the outcome of secondary resurfacing, and the number of complications was relatively low. Because the available evidence is of low quality, the results of this systematic review only support a weak recommendation for secondary patellar resurfacing if patient satisfaction and clinically important improvement of functional outcomes are the desired endpoints.
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